Abstract -The within-site patchy distribution of organisms represents a natural source of variability that can bias the precision of biotic indices. This study aims to evaluate the spatial distribution of benthic macroinvertebrates and its effects on the biotic index used in Italy for assessing the ecological status of rivers. Two main issues were considered: the sampling design and the minimum number of replicates which are necessary to achieve a given precision level. To this purpose, 30 surber replicates were taken, instead of the ten required for the application of the index, in a homogeneous reach of a mid-sized perennial river (Trebbia River, Northern Italy). The percentile confidence interval (p.c.i.) of the index was calculated from 1000 possible communities with the resampling method and the bootstrap procedure. The 95% p.c.i. varied from 0.195 to 0.227, which is great considering that the index ranges from 0 to 1. The metrics based on abundance data were especially affected by the heterogeneous distribution of organisms. The resulting precision of the index increased only partially when doubling the sampling effort.
Introduction
Bioindicators and biological indices are currently used to assess water quality and ecological status of aquatic ecosystems within national and transnational monitoring programs, i.e., the Water Framework Directive in Europe and the Clean Water Act in the USA. Benthic macroinvertebrates have been used especially in rivers, due to their high sensitivity to water quality and pollution. The ability of the indices to distinguish the natural variability from the effects of anthropogenic impacts represents a key issue in order to achieve reliable results for policy and decision making (Niemi and McDonald, 2004) .
The confidence and precision of a given biological index are closely linked to the small-scale patchiness of taxa distribution. The spatial variability of macroinvertebrates distribution represents a potential source of the index variation that cannot be easily minimized (Boyero and Bailey, 2001; Li et al., 2001) . The within-site variability is the main source of variation in terms of taxa richness (Heino et al., 2004) , which depends on multiple factors such as species interaction (Woodward, 2009) , resource availability (Culp et al., 1983; Fenoglio et al., 2005) , hydrological heterogeneity (Bournaud et al., 1998; Brooks et al., 2005) and disturbance (Lake, 2000) . The actual methods are not designed to capture the small scale variability of the macroinvertebrate distribution (Woodward et al., 2010) , although valuable efforts were made in order to quantify this source of uncertainty (Clarke and Hering, 2006; Vlek et al., 2006) .
We hypothesized that the patchy and heterogeneous distribution of macroinvertebrates may result in an excessive variability of the biological indices. For this reason, we started a study aiming to evaluate the effects of microscale distribution of benthic macroinvertebrates on the STAR_ICMi, the index adopted in Italy for the classification of river ecological status (Buffagni and Erba, 2007) . In particular, we aimed (a) to evaluate the effect of the sampling design on the ecological status classification expressed by the STAR_ICMi index and (b) to identify the minimum replicates number required to achieve a given index precision. (from 2003 to 2011; www.arpa.emr.it) . At the sampling time, river's channel width and mean depth were nearly 67 and 0.2 m, respectively. The sampling reach was composed of four different microhabitats: 50% mesolithal (MES), 40% microlithal (MIC), 5% macrolithal (MAC) and 5% algae (ALG). Overall, the mesohabitat type was considered as generic, since the riffle-pool sequence was indistinguishable.
Material and methods
As prescribed by the national protocols macroinvertebrates were sampled using a multihabitat sampling procedure that requires proportional allocation of the replicates across the most represented habitat types at the site (Buffagni and Erba, 2007) . Sampling effort and taxonomic resolution vary with respect to river typology and sampling method; for the Hydroecoregion 6 the samples have to be taken with a surber net in riffle or pool mesohabitats for a total investigated area of 0.5 m 2 . Using a surber net with a delimiting area of 0.05 m 2 , the standard procedure requires the placement of ten sampling units proportional to the abundance of the different microhabitat type. Thirty sampling units were collected instead of the ten required by the STAR_ICMi method. Based on the coverage percentage of microhabitats, the 30 replicates were distributed as follows: 12 in MES, 12 in MIC, 3 in MAC and 3 in ALG. The sampling units were randomly chosen along six transect (5 m width) separated by a distance of 10 m. Each replicate was kept separated from the others and collected in PET bottle. The sorting and classification were performed on site to the family level according to Campaioli et al. (1994 Campaioli et al. ( , 1998 . A subset of the organisms sorted on site was preserved in 70% ethanol and classified under a Leica S8AP0 Stereomicroscope (Leica Microsystems, Wetzlar, Germany).
Data analysis
Non-metric multidimensional scaling (nMDS) was used in order to test the importance of microhabitat in structuring the macroinvertebrates community. This analysis was applied to the entire dataset, with the BrayCurtis as dissimilarity measure and the stress measure to evaluate the goodness of fit (Legendre and Legendre, 1998) . Since the abundance of different taxa was highly variable, data were transformed with the square root after a Wisconsin double standardization (Bray and Curtis, 1957) .
The variability of the index with respect to macroinvertebrate microdistribution was assessed by means of resampling methods. Ten replicates, corresponding to a total area of 0.5 m 2 , were randomly chosen without replacement from the 30 available and the abundances of each family summed in order to construct a series of 1000 possible communities. The random choice of the replicates was conditional to the coverage percentage of habitat type in the river. For example for a specific microhabitat type with 40% of coverage and 12 replicates sampled only four replicates were chosen. Once the 1000 communities were constructed the STAR_ICMi index was calculated using the software Macroper version 0.1.1 (Buffagni et al., 2008) and the percentile confidence interval (p.c.i.) was subsequently calculated (Efron and Tibshirani, 1993) . The STAR_ICMi index was calculated for both riffle and pool mesohabitats for which the reference values are present. Since the STAR_ICMi allows only one replicate for microhabitat with coverage < 10%, two series of possible communities were built with five replicates for MES, four for MIC and one for MAC or ALG. The 1000 constructed communities represent a subset of the possible real combination of replicates that can be realized during a monitoring campaign.
The STAR_ICMi is a multimetric index composed by six metrics: Average Score Per Taxon (ASPT), logarithm of the abundance of the selected families of Ephemeroptera, Plecoptera, Trichoptera and Diptera (log(sel_EPTD + 1)), total number of taxa, number of EPT taxa, 1 minus the relative abundance of Gastropoda, Oligochaeta and Diptera (1-GOLD) and the Shannon index. The taxonomic resolution needed for the calculation of the STAR_ICMi is the family level. Once the metrics are calculated they are normalized with the reference community values and weighted. The values obtained are summed and the sum normalized with the value of the reference community. The reference values for STAR_ICMi and its metrics are reported in the ministerial decree DM 260/2010.
In order to evaluate the number of replicates needed to achieve a predetermined error a bootstrap method was used. From 1 to 20 replicates, normalized for 1 m 2 , were chosen randomly with replacement from the 30 replicates available. For each number of replicates the random choice was repeated 1000 times and the p.c.i. was calculated. The macroinvertebrate communities for assessing the sampling effort were built regardless of the microhabitat type from which the replicates were chosen, since the nMDS did not show clusters related to any particular microhabitat type. Moreover, the coefficient of variation (CV) was calculated for the single metrics composing the STAR_ICMi index.
All analyses were performed with the base and vegan packages (Oksanen et al., 2013) of the statistical software R (R Core Team, 2013).
Results

Community structure
During the survey, 1709 organisms were collected and a total of 25 families were identified. The measure of stress of the nMDS calculated over three axes was 0.12, lower than the value of 0.20, the maximum value for having a reliable ordination (Clarke, 1993) . The structure of macroinvertebrate community was not severely affected by the microhabitat from which organisms were collected as distinct clusters of point cannot be clearly identified from the nMDS ordination plot (Fig. 1) .
Influence of macroinvertebrate microdistribution on the STAR_ICMi index
Each series of resampled communities (2 mesohabitat r 2 rare microhabitat) consists of 1000 possible communities for which the median value and the 2.5 and 97.5 percentiles of the STAR_ICMi index were calculated (Table 1 ). The p.c.i. for the communities MES + MIC+ MAC was 0.209 for pool and 0.227 for riffle mesohabitats. The p.c.i. for MES+ MIC + ALG was 0.195 for pool and 0.212 for riffle mesohabitats. The ecological status of the constructed communities is also reported in Table 1 .
Assessment of the sampling effort needed to achieve reliable results Table 2 reports median values and 2.5 and 97.5 percentiles for the STAR_ICMi calculated for an increasing sampling effort. Results from pool and riffle mesohabitats were similar; therefore, only pool data are presented.
The effects of the increasing sampling effort on the metric values are reported in Table 3 . The metrics 1-GOLD and Shannon index attained high CV also at the maximum sampling effort: 39 and 21%, respectively. At the maximum sampling effort ASPT (CV= 3%), total number of families (CV = 6%), number of EPT families (CV = 9%) and the log of selected EPTD (CV= 9%) were affected by a much lower variability.
Discussion
The structure of the macroinvertebrate community was not severely affected by the microhabitat composition of the considered site (Fig. 1) . Likely, the distribution and assemblages of the macroinvertebrates were not affected by the substratum typology. Indeed, the dependence of community structure on substratum typology and grain size is a controversial issue, although diversity and abundances often depend on grain size (Barnes et al., 2013) . The taxonomic composition and abundances recorded in the algal microhabitat were not clearly different from those recorded in the mineral substratum (Fig. 1) . This is probably an effect of the taxon composition and abundance of the algal assemblages, which at the sampling time were not sufficiently developed to modify the macroinvertebrate community with respect to the mineral substrates. However, further investigations and the use of formal statistical tests are needed in order to clarify the effects of the grain size in determining the community structure of macroinvertebrates.
This study demonstrates that the within-site variability of the STAR_ICMi index was high, although the ecological status was not severely affected by this variability. The p.c.i. of the STAR_ICMi index varied from 0.195 (microhabitat ALG and mesohabitat pool) to 0.227 (microhabitat MAC and mesohabitat riffle). The latter was quite similar to the class interval used for the attribution of the ecological status (y 0.24). The ecological status of the site was not affected by this variability, since the value of good status was the most frequent (Table 1) . This is particularly true for the calculation made with the reference community of the mesohabitat pool (mean values of 0.829 and 0.843 for ALG and MAC, respectively) for which the value of the STAR_ICMi index approached the mean value of the good status class interval (0.82). As a consequence nearly 95% of the results falls in the good status (Table 1) . The ecological status calculated with the reference community of the mesohabitat riffle was more variable, since the median values of STAR_ICMi index were far from the mean value of the good status class interval (0.893 and 0.908 for ALG and MAC, respectively). With the reference community of the mesohabitat riffle the ecological status were judged good in 77 and 67% of the cases for microhabitat ALG and MAC, respectively (Table 1 ). In the case of Trebbia
River the choice of the rare microhabitat did not affect the calculation of the ecological status (Table 1) . The metrics composing the STAR_ICMi index have different responses to the random choice of the replicates (Table 3 ). Metrics such as ASPT and the total number of families show an acceptable CV (< 10%) with a sampled area of 0.5 m 2 (ten replicates). Total EPT families and , whereas Shannon index and 1-GOLD never show a CV < 20%. The last two metrics are affected by great variability, probably because they are calculated from the abundance data. The patchiness of Simuliidae distribution, with abundances ranging from 0 to 864 ind.m x2 , could explain the behavior of these metrics. Although based on abundances the metric log(sel EPTD + 1) has CV < 10% with a sampling effort 0.7 m 2 , likely due to the logarithm transformation. A major influence of abundances on variability of some biological metrics was found also by Vlek et al. (2006) . The sampling effort required to minimize the confidence interval is quite difficult to identify, due to the dataset available and the multimetric structure of the index. However, the bootstrap approach used in this work allowed us to evaluate the index variability at different sampling efforts. Since the index should be bounded in the 0-1 interval, the p.c.i. can be turned into a percentage. This percentage, calculated for a sampling effort corresponding to the exploration of the standard area (0.5 m 2 ), is nearly 23% in agreement with the results of the previous analyses about the influence of macroinvertebrate distribution on STAR_ICMi index, while doubling the sampling effort (1 m 2 ) allows reducing the percentage to 17% (Table 3) . Since the decrease of the confidence interval percentages follows an exponential decay, the sampling effort needed to achieve percentages lower than 10% is high. It should be noticed that the p.c.i. provides quite different information with respect to the CV, since p.c.i = 17% is equivalent to a CV y 5% (Table 3) . Therefore the evaluation of the index performances is a critical task.
Overall, the variability of the STAR_ICMi index is dependent on the correct evaluation of both taxa richness and abundance of macroinvertebrates. In this frame, the present approach could be useful in order to evaluate this source of uncertainty. Furthermore, an extra source of variability is represented by the reference community itself that was considered fixed in this work. In this context, the study of the propagation of uncertainty represents almost an obligatory procedure to properly assess the precision of multimetric indices. Summarizing, the approach used in this work is time consuming but it allows validation of the metrics in use for the ecological assessment of rivers as well as significantly improve the quality of the information gathered.
Despite the small dataset available, this work highlights the occurrence of bias for biological indices caused by the natural variability of the macroinvertebrates distribution. Since biotic indices are used as a scientific tool for supporting policy and decision making, this is a challenging issue to achieve a reliable water quality assessment.
